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TECHNICAL NOTES
Effort thrombosis of the subclavian vein is the
most common cause of fibrous obliteration of the
axillary and subclavian veins. Surgical treatment is
very effective when done via a subclavicular
approach.1,2 However, failure rates with residual
obstruction run as high as 16% in the literature.2,3 It
appeared to us that the main reason for reocclusion
is suboptimal exposure of the most proximal or
medial aspect of the innominate vein, leading to
improper positioning of a vein patch meant to widen
the vessel lumen and thus leaving such patients with
some degree of stenosis.
Another group of patients also have chronic
obstruction of the subclavian and innominate veins
caused by implanted devices such as central or dialy-
sis catheters, pacemaker, or defibrillator leads. These
patients usually have very long strictured segments
that may extend from the axillary to the innominate
vein. Even after these intraluminal devices are
removed, if they have been in place for more than 2
weeks, the vein often narrows and undergoes fibro-
sis. Symptoms then develop in the affected side,
namely, edema, pain, Raynaud’s phenomenon, and
collateral circulation around the shoulder and axilla.
Although some of these long obstructions respond
to balloon angioplasty, its effectiveness rate is less
than 50%.4 Placement of stents is usually not suc-
cessful because of their rigidity in the thoracic inlet
region, which has significant mobility.
The use of stents is successful only when the
structures surrounding the vein (namely, the first
rib and tendons) have been previously removed.
Otherwise, the stents will collapse with normal
movements of the arm, and the vein will reoc-
clude.5-7 Therefore surgery is the only option to
relieve these severe obstructions. To expose more of
the subclavian vein and the entire innominate vein
after the thoracic outlet is decompressed by remov-
ing the first rib, we designed a new incision that
allows adequate exposure of the structure. It also
avoids division of the clavicle or detachment of the
sternoclavicular junction, both of which carry sig-
nificant morbidity rates.
The primary operation is decompression of the
thoracic outlet via the subclavicular approach with
resection of the first rib along with the subclavius
tendon and anterior scalene muscle. This stage must
be completed first before embarking on applying
this newly designed technique to expose the subcla-
vian and innominate vein.
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A new technique extending the incision used for thoracic outlet decompression with a
subclavicular approach to the first rib is presented. After the first rib and scalenotomy
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clavicular joint, avoiding the deformity caused by transclavicular techniques. Repair of
the sternotomy creates a stable incision. Follow-up to 14 months shows patency of the
venous channel with no complications. This surgical approach is recommended to solve
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OPERATIVE TECHNIQUE
The skin incision is the same as for the standard
subclavicular approach to the first rib, described pre-
viously by the author.8 As the pectoralis major muscle
is reached, its fibers are spread in the same direction
and the incision carried over the sternum. Removal of
the anterior two thirds of the first rib must be done
first along with the subclavius tendon and the scalene
muscles to accomplish decompression of the thoracic
outlet as per our technique previously described.1,2,8
By retracting the skin and subcutaneous tissue toward
the neck, the incision is extended over the sternum
upward at a right angle toward the sternal notch. The
periosteum is incised in the notch until a finger can be
passed behind the sternum (as is routine for midline
sternotomy incisions).
After the anterior portion of the first rib has been
removed, the mediastinal tissues are detached off the
posterior aspect of the sternum with blunt dissec-
tion. This procedure is done from the side and also
above coming from the sternal notch until the spaces
are connected. With a Neuroairtome the stump of
the first rib at its sternal attachment is then split hor-
izontally (one can also follow the rib’s inferior bor-
der) until the incision reaches the center of the ster-
num. Then, making a right angle turn upward, the
incision is continued to the sternal notch until it is
divided (Fig. 1).
A self-retaining retractor is placed, one blade
holding the sternoclavicular junction upward and
the other supported on the sternal body. The medi-
astinal tissues are gently dissected off. The internal
mammary vein is divided between ligatures. There is
no need to ligate the artery, which is just behind in
a deeper plane. The entire innominate vein is clearly
exposed and dissected clean from the junction, with
the opposite innominate vein back toward the inter-
nal jugular vein, subclavian vein, and axillary vein.
The sternal muscle fibers are divided in the posteri-
or aspect of the sternum and in front of the vein.
The vein, approached in this manner, is easily
exposed throughout its entire length. The internal
jugular vein is looped with a Silastic tape. A tourni-
quet is applied for control, if needed (Fig. 2); other-
wise, the vein can simply be clamped. Vascular
clamps can be placed on the axillary vein distally and
at the junction of both innominate veins. Care
should be observed in identifying the lymphatic
channels; at that level they are very large, and the
thoracic duct often enters the junction of the veins
by two separate trunks. In general, there is no need
to divide or tie off the lymphatic channels.
At this point the subclavian-innominate vein can
be opened lengthwise and patched, if required. If the
vein is totally obliterated by fibrosis, or if Wallstents
have been previously placed, the entire vein segment
must be removed at this time. The opening of the
internal jugular vein is left clear for reanastomosis to
Fig. 1. Subclavicular incision after fibers of pectoralis major muscle have been split, and sub-
clavian vein can be seen at bottom. First rib has been removed, and stump of rib attached to
sternum has been split lengthwise into sternum at right angle up to sternal notch. Scl,
Subclavian vein.
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the future graft. If the entire segment of subclavian
vein is removed, then a small-caliber (10 to 13 mm
in diameter) cryopreserved aortic homograft is used
to reestablish the continuity of the vessel (Fig. 3).
Both anastomoses, proximal and distal, are done
end-to-end with fine monofilament sutures (6-0).
The proper orientation of the graft is checked to
reconnect the orifice of the internal jugular vein to
the superior aspect of the graft. If the operation is
being done to widen only the subclavian vein, a
patch of saphenous vein can be used after the vein is
opened lengthwise.
After the operation is completed, a drain is placed
in the extrapleural space and brought out through a
separate incision. The sternum is placed back togeth-
er. To reattach the sternoclavicular junction to the
body of the sternum, two stainless steel wires, gauge
6, are used (Fig. 4). A drill should be used to make
the perforations in the sternal square piece of the
manubrium that is attached to the clavicle. No
attempts should be made to place a wire stitch by
forcing the needle through the bone (as in routine
closures of midline sternotomies). Predrilling will
prevent excessive force on that segment, which may
otherwise detach from the clavicle.
Holes are also drilled in the body of the sternum,
where the wires are placed. Mediastinum is protect-
ed with a narrow ribbon retractor. One hole is made
in the manubrium and one in the body of the ster-
num (Fig. 4), thus stabilizing the sternal repair. The
remainder of the incision is closed in the usual man-
ner, approximating the fibers of the pectoralis major
muscle with absorbable sutures. The drain in the
extrapleural space (usually a no. 19 Jackson-Pratt
round or Blake type) stays in place until the drainage
amount is less than 50 cc/24 hr. Smaller drain sizes
are not recommended, because they tend to become
clogged with fibrin or blood clots.
CLINICAL EXPERIENCE
We have now operated on eight patients at the
University of Minnesota with this new route to
expose the innominate and subclavian veins. All eight
had long segments of vein intrinsically obstructed by
various mechanisms (Table I). Two had effort
thrombosis of the left subclavian vein and were ini-
tially treated with topical urokinase until the throm-
bus totally dissolved. Both had long segments of
fibrous obliteration caused by repetitive pinching of
the vein related to their occupation, which involved
very heavy physical activity with movements of the
left arm over their heads over several years. The third
patient had a long right subclavian and innominate
vein stricture caused by the placement of a double-
Fig. 2. Exposure of axillary and subclavian-innominate vein segment with internal jugular
vein looped after it has been dissected. Exposure is obtained extrapleurally. Ax, Axillary vein;
Scl, subclavian vein; In, innominate vein.
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lead pacemaker system. A fourth patient’s obstruc-
tion was caused by a dialysis catheter that had been in
place for more than a year. The fifth patient had
obstruction caused by a work-related trauma that
caused a pseudoaneurysm of the subclavian artery,
which had been repaired a few years earlier. The sixth
patient had a long segment of stricture of the right
subclavian and innominate vein; the cause was a
catheter for chronic antibiotic therapy to treat repeat-
ed pulmonary infections in the presence of cystic
fibrosis. The seventh and eighth patients had sequels
of effort thrombosis of the subclavian vein, but the
seventh also had history of a chronic catheter place-
ment for antibiotic administration during a previous
episode of peritonitis from a perforated appendix.
Only the four patients with subclavian vein
effort thrombosis were treated with our standard
protocol of thrombolytic therapy before surgery.1
The use of topical urokinase directly into the clot in
cases of effort thrombosis of the subclavian is the
standard therapy at this time. Because it has been
described by several investigators,1,3,9 the details of
its use are not elaborated upon here. The patient
with stenosis caused by a dialysis catheter had previ-
ously undergone implantation of three Wallstents in
an attempt to keep the vein open; this patient had
an arteriovenous fistula in the forearm of the same
side through which dialysis was supposed to be car-
ried out in the future. Exposure of the subclavian
and innominate vein segment was obtained opti-
Table I. Subclavicular transsternal approach to subclavian-innominate vein
No. Patient Age Cause Treatment Results
1 NH 24 Dialysis catheter Aortic homograft Open
stents · 3
2 DA 31 Effort thrombosis Vein patch Open
3 TM 30 Pacemaker leads Vein patch Open
ballooning · 2
4 LK 58 Trauma Aortic homograft Open
5 TS 23 Infusion catheter Aortic homograft Open
6 VM 34 Effort thrombosis Vein patch Open
7 MH 16 Effort thrombosis Aortic homograft Open
Central catheter
8 RH 13 Effort thrombosis Homograft patch Open
Fig. 3. Results after removing subclavian and innominate obliterated vein replaced by aortic
homograft anastomosed end-to-end from axillary vein to innominate. Internal jugular vein is
reconnected end-to-side to top of graft. Ax, Axillary vein; Ao, aortic homograft; Ij, internal
jugular vein; In, innominate vein. Arrow shows direction of flow.
the aortic arch of the donor, thus providing a perfect
fit and a smooth connection to the origin of the supe-
rior vena cava. There was no need to reattach the
internal jugular vein to the homograft, because it had
already undergone thrombosis.
One patient with occlusion caused by work-relat-
ed trauma (Table I) also had a homograft implanted.
The patient with a catheter for chronic antibiotic
administration also received a homograft in the same
fashion, with reconnection of the internal jugular
vein to the superior aspect of the homograft.
FOLLOW-UP
The postoperative period was uneventful. The
extrapleural drains were removed within 3 to 5 days.
None of the patients had chronic lymphatic drainage
or infections. The stability of the sternal repair has
been quite satisfactory, with no instances of instabil-
ity, malunion, infections, or discomfort caused by
the wires used to close the sternum. 
These eight patients have now been monitored
for 6 to 14 months after surgery. At periodic inter-
vals they have had ultrasound examinations. All of
them have normal patent subclavian vein channels,
with no evidence of stricture. Therefore none has
required balloon angioplasty.
DISCUSSION
All patients in whom this new technique was
implemented had intrinsic fibrous lesions with oblit-
eration of the subclavian and innominate veins. Two
of them (patients 1 and 6 in Table I) already had
Wallstents placed in the vein in an attempt to keep
them open, but fibrosis progressed until the vein
became obliterated.
It has been shown by several investigators
including ourselves that more than 90% of the
patients with effort thrombosis of the subclavian
vein have intrinsic fibrous stenosis of the vein lumen
in the chronic stage.1,2
Extrinsic compression of the vein alone is rarely
seen except in the few cases of acute occurrence.1
Most of the time the narrowed segment is short, and
therefore a small vein patch from saphenous vein is
all that is required to reestablish patency, but in
patients with a very long segment (>2 cm) a patch is
not usually sufficient.
The internal jugular vein brought down as a flap
to patch the subclavian vein originally described by
Campbell et al.10 can also be used. However, this
involves sacrificing that large vessel, because the
cephalic end of the vein must be tied off, and the
length of the flap may not be long enough to reach
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mally through this incision, with no instances of
entering the pleural cavity.
We undertook the following surgical repairs.
Three of the four patients with subclavian vein effort
thrombosis were adequately treated with a long
patch, which was created: in two with a 5-cm seg-
ment of the greater saphenous vein and in one with
a homograft patch. The fourth patient had an inter-
posed aortic homograft implanted.
The patient with stricture caused by the double-
lead pacemaker system had previously undergone two
sessions of balloon angioplasty; this patient under-
went surgical placement of a long patch constructed
from a saphenous vein graft without disturbing the
pacemaker lead system. The patient receiving dialysis
who underwent placement of Wallstents had to have
the entire segment of subclavian and innominate vein
removed, along with the previously placed stents,
which had grown into the wall of the vein and caused
severe fibrosis. The right internal jugular vein had
become occluded as a consequence of the stent place-
ment. This patient required implantation of a small
aortic homograft, 6.5 cm in length and 13 mm in
diameter; it had a slight curvature corresponding to
Fig. 4. Repair of incision. A, With drill, perforations are
made in separated segment of manubrium and also in
body of sternum. Two stainless steel wire stitches are
passed laterally and vertically with those perforations. B,
Sternum repaired and subclavian vein is shown in back-
ground after obstruction was treated with placement of
patch. C, Operation is completed. Sump drain is left in
extrapleural space, and incision can be seen in subclavicu-
lar position. Scl, Subclavian vein; P, vein patch.
to axillary vein. We experienced this problem in two
patients. An extra neck incision is always necessary to
accomplish this type of repair.
The use of a small aortic homograft to replace
large veins is a new technique that we have imple-
mented since 1989. It is being published as a sepa-
rate report. The advantage of our approach with
homografts is that no other vessel of the patient is
removed, and it provides an adequate functional
graft. It has an ideal size and intact endothelium.
The use of a spiral saphenous vein graft11 is not
a reliable source, particularly in small patients. It
usually involves additional incisions in both thighs
and carries a 50% occlusion rate, even when applied
to large veins.12
In the past several approaches have been taken for
surgical repairs of the subclavian or the innominate
vein. Division or transection of the clavicle has been
used, usually with resection of the inner aspect of the
clavicle.13-15 Proponents of this approach claim that
no major deformity occurs and that patients are not
impaired in their function or ability to use their arms;
however, our experience with a few such patients and
that of others16,17 has been quite the opposite. The
deformity is obvious, and the free end of the clavicle
often remains unstable, requiring complicated repairs
and even bone homografts.
Another approach that has been used involves
disarticulation of the clavicle from the sternum. This
insufficiently exposes the innominate vein, particu-
larly in its medial aspect. It also leads to malunion
and nonhealing of joint tissue with recurrent prob-
lems of unstable articulation. Our own standard
approach, with a subclavicular incision, for removal
of the first rib and decompression of the thoracic
outlet is adequate to repair the subclavian vein for
most patients with strictures less than 2 cm long, but
it does not adequately expose the innominate vein in
the retrosternal area. Therefore the new extension of
the subclavicular incision described in this report
was developed to provide adequate access to the
subclavian and innominate veins and even to the ori-
gin of the internal jugular vein, all in an extrapleural
plane. Neither the sternoclavicular joint nor the clav-
icle itself is disturbed. It does not cause any defor-
mity, and the healing of the sternal bone is quite sat-
isfactory. The reapproximation of the sternal seg-
ments with stainless steel wire as described provides
for a very stable reconstruction. We have observed
no problems when such patients have returned to
their normal activities after a few weeks of recovery.
Because the standard subclavicular approach to
the subclavian vein and removal of the first rib for
thoracic outlet decompression is effective to treat
strictures caused by effort thrombosis in more than
80% of patients,2 I do not recommend this transster-
nal extension for every patient. However, during the
standard operation, if the exposure is unsatisfactory
and the medial aspect of the innominate vein cannot
be exposed sufficiently to accomplish an adequate
repair, then it is relatively easy to extend the incision
in the manner described in this report. Doing so
solves the exposure problem quite satisfactorily with
no added morbidity.
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